Approximately 240 million people are diagnosed with chronic hepatitis B (CHB) infection worldwide ([@ref1]). CHB infection has various clinical manifestations, which can be categorized into four phases according to hepatitis B e-antigen (HBeAg) status, hepatitis B viral load, and serum alanine aminotransferase (ALT) level ([@ref2],[@ref3]). However, gray zones exist, which means that HBeAg status, viral load, and transaminase level do not fall into the same phase ([@ref2]). The terminology, monitoring, evaluation, and treatment criteria for CHB infection may differ slightly among the leading associations of liver diseases, such as the American Association for the Study of Liver Diseases (AASLD), the European Association for the Study of Liver (EASL) ([@ref3]), the Asian Pacific Association for the Study of Liver (APASL), and the World Health Organization (WHO) (WHO, 2015 guideline for chronic hepatitis infection) ([@ref4]) particularly for indeterminate cases.

Monitoring patients with CHB and predicting liver damage remains difficult. Histopathological examination is the gold standard for determining the degree of liver damage; however, clinicians hesitate to perform liver biopsy because of the high cost, invasiveness, and risk of complications of the procedure and the associated sampling error and requirement for expert histological interpretation (WHO). Thus, scholars have developed noninvasive tests based on blood or serum indices \[aspartate aminotransferase (AST)-to-platelet ratio index (APRI), FIB-4, and FibroTest^©^ commercial assay\] or ultrasound principles \[transient elastography (e.g.), FibroScan^©^\] for indirect determination of liver damage ([@ref4]).

In our military hospital, we had young military personnel and candidates for military service who were diagnosed with CHB. According to the health regulations for military service in Turkey, we performed liver biopsy to those who have CHB, although they do not meet the criteria for treatment of CHB. These regulations enable us to have a large number of liver biopsy results of CHB cases with hepatitis B virus (HBV)-DNA level below 2000 IU/mL (low viremia).

This study aims to compare the histopathological findings of young patients with HBeAg-negative CHB and low viremia to high viremia and reveal if 2000 IU/mL HBV-DNA threshold level has any significance to predict liver fibrosis and inflammation.

MATERIALS AND METHODS {#s2}
=====================

This retrospective study was conducted in a tertiary training and research hospital. The study was approved by the Institutional Ethics Committee on May 22, 2017 (HNEAH-KAEK 2017/KK/71). Data were gathered by the clinicians who were in charge of the follow-up of patients during the study period.

Population {#s2a}
----------

A total of 273 young male patients with HBeAg-negative CHB patients who were followed-up between January 2008 and December 2016 were enrolled in the study. All patients were subjected to liver biopsy after they were determined to have HBsAg-positivity and ALT level over 40 U/L for at least six months, regardless of their HBV DNA levels. Patients who had history of CHB treatment with interferon or antiviral drugs and patients coinfected with other hepatitis viruses and human immunodeficiency virus were excluded in the study. Patients had no other chronic liver diseases, such as fatty liver disease, toxic hepatitis, and autoimmune hepatitis; any symptoms of liver cirrhosis; and history of other chronic diseases and chronic drug use.

Study design {#s2b}
------------

Patients in the study were HBeAg-negative, followed-up for at least 6 months, had ALT levels over 40 U/L at the beginning and end of the follow-up period. The patients were divided into two groups, namely, case (with HBV-DNA levels below 2000 IU/mL) and control (with HBV-DNA levels over 2000 IU/mL) groups. Significant histological abnormality was defined as necroinflammation grade ≥4 and/or fibrosis stage ≥2 according to literature ([@ref5],[@ref6],[@ref7],[@ref8]). We analyzed the relationship between the two groups.

Liver biopsy and histology {#s2c}
--------------------------

Patients underwent liver biopsy with 16G biopsy needles through Menghini's aspiration method or subcostal real-time ultrasound-guided liver biopsy by Trucut-style. A qualified biopsy specimen had length of at least 1.5 cm and more than four portal tracts. Ishak's scoring system was used to determine histologic necroinflammation and fibrosis stages. Not all pathological assessments were conducted by the same pathologist, but all pathologists involved in the study are trained in the same pathology department and are still working in the same pathology laboratory.

Laboratory tests {#s2d}
----------------

Serum biochemistry tests for ALT and AST were conducted using commercial kits. The upper limit of the normal (ULN) ALT level was set at 40 U/L. HBV serological markers were detected using chemiluminescence microparticle immunoassay (Abbot, Architect System, Germany). HBV-DNA was quantitatively determined by HBV QNP 2.0 Real-time Polymerase Chain Reaction Assay (Iontek, Turkey) with the lowest detection limit of 10 IU/mL (80 copies/mL) and limit of quantification between 2×10^9^ and 2×10^1^ IU/mL.

Statistical analysis {#s2e}
--------------------

Statistical analyses were performed using Statistical Package for Social Sciences version 15. The baseline characteristics were presented as means and standard deviations for continuous variables and as frequencies and percentages for categorical ones. Continuous variables were compared by independent-sample Student's t test and Mann-Whitney U test according to their distributions. Categorical variables were compared using chi-squared test and Fisher's exact test. Spearman's rank correlation coefficient (rho) was used to express correlations among parameters. The receiver operation characteristic (ROC) curve was analyzed to determine the diagnostic performance of the optimal threshold levels for serum ALT and HBV-DNA. Diagnostic performance was analyzed by VassarStats statistical software (online), and comparisons were conducted by McNemar test and kappa statistic among different diagnostic performance scores for actual and recommended threshold levels of parameters. G\*Power 3.1.9.2 was used for post-hoc power analysis. The study has 90% power to detect a minimum of 20% difference for significant fibrosis and hepatic inflammation among patients categorized according to their serum levels of HBV-DNA and ALT.

RESULTS {#s3}
=======

A total of 273 patients with HBeAg-negative CHB were included in the study. All the patients were male and young and had no other accompanying chronic diseases. The mean age, ALT level, and HBV-DNA levels of all patients were 23.78±4.2 years, 89.25±80.18 U/L, and 1.4×10^7^ IU/mL±9.8×10^7^ IU/mL, respectively. The mean age was not different among histological activity index (HAI) and fibrosis groups (p=0.516 and 0.905, respectively) ([Table 1](#t1){ref-type="table"}). In particular, 184 (67%) patients were aged between 19 and 24 years, and 89 (33%) patients were aged between 25 and 40 years ([Table 2](#t2){ref-type="table"}). Eight-nine (32.6%), 73 (26.7%), and 111 (40.6%) patients had ALT levels of over 80, 60--79, and 40--59 U/L, respectively. The number of patients who had HBV-DNA level below 2000 IU/mL was 139 (51%). One hundred forty-six (53%) patients had significant HAI (≥4) score, and 116 (42%) had significant fibrosis (≥2) score. The distribution of patients did not vary across age groups in relation to HAI and fibrosis thresholds (p=0.378, p=0.962). However, the distribution of patients varied across ALT groups in relation to HAI and fibrosis thresholds (p=0.039, p=0.003, p=0.022), except for ALT threshold of 80 U/L and fibrosis (p=0.176), and across HBV-DNA groups in relation to HAI and fibrosis thresholds (p=0.003, p=0.000). The fibrosis threshold exhibited poor correlation with HBV-DNA, ALT threshold level, and HAI among all the groups analyzed (rho: \<0.25) ([Table 2](#t2){ref-type="table"}).

The HAI scores were 1--10 for the \<2000 IU/mL group and 1--11 for the ≥2000 IU/mL group; of which, most of the cases had HAI scores of 3 and 4, respectively ([Figure 1](#f1){ref-type="fig"}). The fibrosis scores of patients in both groups varied between 0 and 4, and most of them had fibrosis scores of 1 and 2 ([Figure 2](#f2){ref-type="fig"}). Most patients with fibrosis scores of 3 and 4 belonged to the ≥2000 IU/mL group.

In the \<2000 IU/mL HBV-DNA group, 44.6% (n=62/139) of the patients had significant HAI scores, and 30.2% (42/139) had significant fibrosis scores. In the ≥2000 IU/mL group, the ratios of the cases with significant scores were 62.7% (n=84/134) for HAI and 55.2% (n=74/134) for fibrosis ([Table 2](#t2){ref-type="table"}).

When we searched for the ALT threshold distribution of patients particularly those with low viremia and ≥2 fibrosis, 21.4% (9/42), 42.8% (18/42), and 35.7% (15/42) patients had ALT levels of 60--79, 40--59, and over 80 U/L, respectively ([Table 3](#t3){ref-type="table"}).

Basing on the ROC curves of serum HBV-DNA and ALT levels, we determined the threshold levels with the optimum sensitivity and specificity for detection of HAI ≥4 and F≥2. The optimum serum HBV DNA threshold levels for our study group to predict significant HAI and fibrosis were 1102 and 1293 IU/mL, respectively. The optimum ALT threshold levels for predicting significant HAI and fibrosis were 64.5 and 59.5 U/L, respectively ([Table 4](#t4){ref-type="table"} and [Figure 3a, 3b](#f3){ref-type="fig"}).

We also analyzed the diagnostic accuracy of the HBV-DNA threshold level of 2000 IU/mL with the ALT threshold of 60 U/L and the HBV-DNA threshold level of 1293 IU/mL with the ALT threshold of 60 U/L for the prediction of significant fibrosis (F≥2). The sensitivity, specificity, positive predictive value, and negative predictive value for the HBV-DNA threshold of 2000 IU/mL were 0.38, 0.77, 0.56, and 0.63, respectively. The sensitivity, specificity, positive predictive value, and negative predictive value for the HBV DNA threshold of 1293 IU/mL were 0.43, 0.76, 0.57 and 0.64, respectively ([Table 5](#t5){ref-type="table"}).

DISCUSSION {#s4}
==========

Cirrhosis and hepatocellular carcinoma (HCC) are the main complications of HBV infection; HCC with or without cirrhosis occurs primarily due to HBV in more than 50% cases in countries, such as Turkey, where HBV infection is endemic ([@ref9]).

Recent guidelines for the management of HBV were published by WHO, AASLD, and APASL in 2015 and by EASL in 2017 ([@ref1],[@ref2],[@ref3],[@ref4]). The terminology, monitoring, evaluation, and treatment criteria for CHB infection vary among these organization, especially with regard to indeterminate cases (gray zones). The differences among the guidelines are mostly about the HBV-DNA and ALT thresholds, biopsy indications, requirement for noninvasive methods, and treatment indications ([@ref1],[@ref2],[@ref3],[@ref4]). Moreover, clear-cut definitions of histological findings of patients that need to be treated are not defined in the published guidelines and in literature. The terms "insignificant" and "significant" or "no/mild", "moderate", and "severe" are used to define the level of fibrosis or necroinflammation, respectively, in literature. F0 and F1 refer to no/mild fibrosis, F2 refers to moderate fibrosis, F3 or F4 refers to moderate fibrosis, and F5 or F6 refers to cirrhosis ([@ref8]). In other studies, F\<2 defines insignificant and ≥2 defines significant fibrosis scores ([@ref5],[@ref6],[@ref7]). In the present study design, we determined F2 score as significant fibrosis. Almost all liver histology studies were based on fibrosis score, which is the most important finding and endpoint of CHB infection. Therefore, consensus for the limit of significant inflammation has not been established, and only few studies focused on HAI score in literature. Considering that most studies defined grade ≥4 as significant HAI score, we applied this criterion in the present work ([@ref5],[@ref6],[@ref7],[@ref8]).

In this study, we mainly aim to reveal the histopathological findings of liver in young patients with CHB infection. Managing CHB infection is influenced by several factors, such as patient's age, family history of cirrhosis, and HCC. As such, practical guidelines do not generally, recommended to perform liver biopsy before the age of 30 years ([@ref1],[@ref2],[@ref3],[@ref4]). In the present work, given that the patient population consists of young military personnel, the mean age of the patients (23.91±0.29) who were subjected to liver biopsy was lower than the age limit in the guidelines. HBV is commonly transmitted by mother-to-child transmission in endemic countries, such as Turkey, and by sexual transmission in other countries; hence, the infection begins to take effect in very young patients in endemic countries. When patients who are infected on birth reach the age of 35-40 years, they have been already exposed to the effect of HBV infection for at least 15-20 years, which are longer than the exposure duration of patients infected with CHB by other ways. In this regard, the lifetime risk of developing end-stage liver diseases is high in endemic countries and can reach up to 40% ([@ref10]). The present results showed that 90% of the patients studied had histopathological findings of liver fibrosis (F≥1), and almost all of these patients were aged between 20 and 30 years.

The WHO, AASLD, APASL, and EASL guidelines recommend the monitoring of HBeAg status, HBV DNA level, and ALT level for detection of HBV infection phase. According to these guidelines, the ALT threshold level remains controversial. The WHO and AASLD guidelines decrease the ALT threshold levels to 19 U/L for females and 30 U/L for males. By contrast, the APASL and EASL guidelines acknowledge the lack of available data to support the need for decreasing the traditional thresholds for the ULN of ALT values. At present, the traditional ALT threshold level (40 U/L) is still use in most clinical studies about CHB infection ([@ref11],[@ref12]). The present work also used the traditional ULN for ALT because of the health regulations for military service in Turkey and the lack of histopathological data for patients who have persistently low ALT levels (PNALT).

The only definite indication for treatment of CHB is the cases with persistent HBV DNA levels above 2000 IU/mL and ALT levels \>2 times the ULN; as such, the management of the cases must be individualized for the rest of the cases ([@ref1],[@ref2],[@ref3],[@ref4]). Because of the poor correlations between ALT thresholds and HAI or fibrosis scores in the present study, we cannot rely on a particular ALT threshold for prediction of liver damage. Also, Seto et al. ([@ref13]) reported that elevated ALT levels do not accurately help in predicting significant liver damage; on the other hand, according to the meta-analysis and systematic review by Nguyen et al. ([@ref14]), significant fibrosis can be detected in patients with slight increases in ALT level.

AASLD and WHO recommend the use of the ALT threshold of 30 U/L and approve the criterion of two times increase in ULN (60 U/L) for detection of liver damage; meanwhile, EASL and APASL approve the ULN as 40 U/L ([@ref1],[@ref2],[@ref3],[@ref4]). Our findings for ALT in ROC analylsis are more concordant with the AASLD and WHO recommendations ([@ref1],[@ref2],[@ref3],[@ref4]); hence, decreasing the ALT ULN level to 30 U/L for male might be considered.

Almost all studies about histopathological findings in CHB infection recruited patients with HBV DNA over 2000 IU/mL. In Turkey, Barut et al. ([@ref15]) concluded that HBV DNA ≥200000 IU/mL could predict histologically active disease with treatment indication (histological activity ≥6 and/or grade ≥2 by Ishak's classification); however, a significant portion of the patients with HBV DNA 2000-200000 IU/mL also carried an indication for treatment. Thus, sufficient effort is suggested to find out significant liver damage. In another study on patients with HBeAg--negative CHB having HBV DNA over 2000 IU/mL, Sanai et al. ([@ref16]) concluded no significant difference in using the HBV DNA threshold of 20000 versus 2000 IU/mL; moreover, low HBV DNA thresholds could be adopted with marginal gains in fibrosis detection and without loss of diagnostic accuracy. In contrast to these studies, the present work consisted of patients with HBV DNA over 2000 and below 2000 IU/mL. The number of patients with significant HAI and fibrosis scores in the high viremic group was higher than that in the low viremic group. In the low viremic group, 70% of the patients had \<2 fibrosis score and they only required monitoring. When we consider this finding from another point of view, two of every three patients had significant fibrosis score in low viremic cases. When we evaluated the low viremic group in relation to ALT levels, the most important finding was that the ratio of F≥2 fibrosis increased over 60 U/L threshold level; hence, we should be more careful about these patients. Close monitoring of HBV DNA and additional noninvasive tests might be useful for management of patients with low viremia and high ALT level.

According to the systematic review of Papatheodoridis et al. ([@ref12]), histologically significant liver disease is rare in patients with PNALT CHB and HBV DNA level between 2000 and 20000 IU/mL. By contrast, in another study of Papatheodoridis et al. ([@ref17]) on 42 patients with mean age of 43 years and with HBV DNA level below 2000 IU/mL, 59.5% of the patients had F≥2 fibrosis score. The discrepancy in the results reported by the same author could be due to the differences in the ALT levels; hence, having normal ALT levels might be more important than having low viral loads for excluding significant fibrosis. This hypothesis was supported by our study results considering that significant fibrosis may occur in low viremic patients with high ALT. Sanai et al. ([@ref18]), Kumar et al. ([@ref7]) and Abdo et al. ([@ref19]) reported significant fibrosis (F≥2) rates of 29.3%, 22.2%, and 19.6%, respectively, in low viremic CHB cases; these studies employed 58, 9, and 97 patients, respectively, with mean ages of 37.6, 33.6, and 38.2 years, respectively. These fibrosis rates were supported by the resuls in our study, and in contrast to these studies, the present work has the highest number of cases and the youngest patients with CHB.

Defining a single threshold of the HBV-DNA level for differentiating inactive carriers from patients with HBeAg-negative CHB is not possible due to the fluctuating course of the disease ([@ref20]). Ormeci et al. ([@ref21]) revealed that patients with HBV-DNA of 2000-20000 IU/mL were more likely to require treatment (F≥2 or HAI ≥6) compared with patients with viral load ≥20000 IU/mL. In their study on the relationship between HBV-DNA level and liver histological grade and stage, Shao et al. ([@ref22]) concluded that serum HBV DNA level is not correlated to histological grade or stage of liver diseases. In the present study, the HBV DNA thresholds for detection of significant HAI and fibrosis were 1102 and 1293 IU/mL, respectively; but the sensitivity and specificity rates were not high.

We also discussed these thresholds from a different aspect and compared the ALT threshold of 60 U/L and the HBV-DNA threshold of 2000 IU/mL against the ALT threshold of 60 U/L and the HBV-DNA threshold of 1293 IU/mL in terms of diagnostic accuracy for prediction of significant fibrosis. We revealed that the diagnostic accuracy of these thresholds were poor, and no differences were found in specificity, positive predictive value, and negative predictive value; meanwhile, the sensitivity increased when we used the HBV DNA threshold of 1293 IU/mL instead of 2000 IU/mL.

Overall, the use of ALT and HBV-DNA thresholds alone or together may not accurately help us to predict significant liver damage. Microbiological and biochemical tests exhibit limitations for monitoring patients with CHB.

Significant fibrosis may occur even in young patients with low viremia. The duration of infection and the family history of cirrhosis or HCC must be considered for deciding treatments particularly in countries where HBV infection is endemic.

Defining a single threshold HBV-DNA level for differentiating inactive carriers from patients with HBeAg-negative CHB is impossible. Current biochemical, serological, and molecular markers are also not reliable for discriminating the real phase of HBV infection and liver fibrosis.

Liver histopathological examination should be considered for patients in early stages of life, particularly those with family history of CHB infection possibly by mother-to-child transmission, to determine the stage of disease or the need for treatment.

Thus far, few studies have focused on indeterminate cases with low viremia. In this regard, further randomized and controlled studies must be conducted for setting clear and definite recommendations to help clinicians manage these CHB cases.
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###### Mean age, ALT level, and HBV DNA level of patients grouped according to their HAI and fibrosis scores
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###### Distribution of patients according to age groups, ALT level, and HBV DNA level in relation to HAI and fibrosis scores
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###### Distribution of cases according to fibrosis and ALT thresholds in low viremic (HBV-DNA \<2000 IU/mL) patients with CHB
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###### Optimal threshold levels for predicting significant HAI and fibrosis
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###### Diagnostic accuracy of the two HBV-DNA threshold levels and the ALT threshold of 60 U/L for prediction of significant fibrosis (F≥2)
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